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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a semiconductor device with 
performance and productivity by making use of a catalyst element promoting 
crystallization and requiring no guttering process in the process of 
obtaining the crystalline silicon within a short time period and at low 
temperature by using of a catalyst element, a heat treatment, and a laser 
beam irradiation. 

SOLUTION: A film 304 comprising a group 14 element, germanium or the like 
which is in the same family as silicon in the periodic table, is formed on 
an amorphous silicon film 3030 formed on a glass substrate 301, 
heat-treated at 550°C for 4 hours, irradiated by laser beam, and a 
crystalline silicon film 3031 is formed. The use of group 14 catalyst 
element giving no unfavorable influence on the TFT characteristic even 
resident in the silicon film makes it possible to manufacture the 
semiconductor with high performance and productivity. 
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^ity;i/v-^A, ^jby^v-^A. t^ity^v^o 

10 Stftifc4>&< £fc liWfflt^tl^Ci^Mit 
[0001] 
[0002] 

(WTTFT*) #fc!*>*va>£. C©TFT(t 
20 2tlZ>h<DT$>Z> a C(DTFTti, ftSfllffilBlBCCfiffl 

[0 00 3 ] TFT«C*tJffl3niWK¥»#il/rtt, 

[0 00 4] L*>bfr#6. tt»«Cj:5*SSft«. ftUftt 
«|£#6 0 0 'CfeLkOBBr 1 o BSwa±<oB*ra*^it 
-acinar**}. Sfiot^xs^c^c 

0«*«^»B«cffll»6tiS=J-->y7 0 5 9 #7* 
tt^^3L**«5 9 3 "Cr**) . *fi©*ffi»<t**« 

40 c/cti^. .eoo-caiioJWftccBrajH^A*. 

[0005] C*9J©»«) ##fe#8*<DW5»C <fc*i 
0 *C. 4 B*MS»©«aiB*ParttSffc«:ff JfcitS C £ ^ 

[ 0 0 0 6 J EPfe. ±1E<D^ 7 Jl/«(DJSftjt*««-r 

so %7tm <*we»cb, «Afb^nftr^7ca«MHi7c 



ufca3R+©»«5t«*^f * y 

(000 7 1 ^/c ««7C*©»AtC<fc *) 6 0 0 °Cfe( 

£&6BMW£D"Cl>*. 10 
[0008] 

(2) *»«ftffi-Cff 6*i*teBttJ:l)S6CejiH,>*SBtt* 

»*. 

[0009] 

3^tt£««6afts-e&. ^b-c. u-ir-**yttt 

«*«:JHJIi-r5ci«:J:»)S^«:ilSflffc€:»S-r*. ± 
[0010] «#tc*^cc*st>rtt. ««s*ccfflt^ 

i«t*i„ BP*> 1 4BE7C**)S«i7C*ibr«l» 

i 4 «aiic3R3&* l 4 K<?>ii*i«* tcsi^ b r c >r 

L&lxDtt. $£^£¥£f*<tl>TS iGe^SiSn 
IfflDl 4 ft- l 4K^*SM** s *D5>nr^SCt*^ 

[0 0 1 1 ] *fc. H4«7C*tUT^-7^^A. X 40 

^a. xx, §a*i»i&tvti>s**. co^^y^v^^ 

[ 0 0 1 2 ] *fc fc )SB«5c*i UX?to-?~VJ»zmii> 
rJS-«rfflJ*©^>yA*v h ^-^IfiSU XX, so 
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[0013] ftdn«yi«:ttLgir§e^aK 
«>raatt©a*?«:isattaaR«*. *att©Ki^a 

[0014] »8B«68i<3E>»K!f 5 l^-1f-*<Z>J(R««: 

was titter. to^stcJco-cjsait^n/cii 
*»otsatt*S£KK<rsc±#r*s. g/c. »n 

&&&Ct J: rsu»»«cisaffc«r* C * Lsbtcmglc 
[0015] W*tf.' StttTSROaiAfijW*^^*^, 

of&&t&m&Tzw»t\,*5ctbv*&. ecru 
[0016] *fcu-ir-*©jH«o«to»)K:, 

tt, 7t'7 K * • r^-Jl' (RTA) gfcti? 

[0017] C<D £ 5 4C#a«a*HK, 1 4&7cJgA> 

^a, xx v B*»6iatfnfc-«*fcBaft«<D7c 

[0018] 4/c**Wtt. ttBft*n/cSatt«SR« 

*fflc»-c*»#s»<DPN. pi. ni ^oftommft 

Waits. *«*R«ibrtt. Mh7>^f 
(TFT) , *-fe>1f*fflC*SCtA 1 'C# 

[00 19] **W©*fl6€r»ffl-rSCi«CJ:-,r«T 
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#»ffla*B*»*c b#xi* 
( b ) «*«7C**4r $ <j > < . -f 

.(c) ^7c«OTi*K*tc3S»LT«>J:l»<D-C. MM 

(d) u-ir--**/ctt**4JR»r&Ct«ci:0*6 

tasatt#ttft3*i*<0"c. ««>xtsatt<oRBftttft 

{0020] IS«t*lttS-r5«t«7C*<0»A*ffii 0 
CVD^ LPCVDS, PVDfl»*ffi^rftk«5c* 

A^x^a. y^v>, ftSWOUv-^A. HJ* (2, 

Jl^;l/V>, ^*1fx^;l^l/^x$A9*fflt»*c£ 
[002 H ^ H B 0 gii^Si±tc^ B ^fb^fijb^T^7c^^ 

Witt. ft^»itt:a*-ttsic^*ifti, **c»« 
[002 2] HtMBcSR^StfSttt crtt, 

[002 3 ] *fc««7c«*SWS«fc«iStt:|?ffir£tt 

[0024] K±2^3fc<Ott. -«!«7C3R3&«^«CiB»L 

6# S»**«#»SK * b fcx 3 

j£fkXSflc^ttOOCDCGhlca Diffusion Source) £ 
J8l>*C C<0OCDiS««rffll»titf. 
JSffi±K&*U 2 0 0-CfSS-C-<-^T-5C<bT. ffl 



(4) 1 -2 04 4 34 

6 

[002 5] *»7C*«r»JRW«CfiB#rSCi«C 
[002 6 ] * fcC<D^^<Dt£ H B B&W^i+ + U T 

[002 7] 

maw] csessw n ^ttw-ctt. efift*«ifi-r 

20 '4 1 4K©'«M7C««:#aHfil*SLhK:fi!f#b. 

««cj|«i«kK:J:0**affcdi*. * eccu— ^-*3DJ«W«: 

FT4»SWr*5. **ft«©TFTtt. 7^7"^ 
£*SS<DiRBS?5s»K© F? -f -US-MO* 

too28]ii ^mmmo^mj.m<om^^r 0 

T»©IMta*R3 0 2£2 0 0 nm<Df$«it 

com<tmmm3 o 2», //^xhr*?,^* 

[0 02 9] ^LT, # B 0 B II|fl3O3O^7Xv 
CVDffi-?>LPCVDffiec«t-5r 1 0-1 50nm»JS 
-r*. CCrii, LPCVD4£CCj:^r5 0nin©/5E3 

[0 03 0] *LXJf?MlCGeH< «:fflt>TLPCVD 
00nraff*l/<t*l 0-5 0nmC0^U^ 
40 'x9AH3 0 4«:aa-r£ ([Ml (A) ) Q tux. m 
KHFtcfclri-C. a*SHa+Kfcl*f 5 5 0*. 40$ft1 

fcttatt*«r SJi*Wi3 o 3 i «f»& c t#r* 
too3i] ±te©»D^M®(i4 5-qtt«±©attr»f 

50 [0032] ±IStatt«i!«T5 C itci: -^t, -#a* 



jU-?x^A$£|££U Kr Fx+v'vU-lf (ffig2 
48nm, v*Jl/XlS3 0 n s e c ) ^^fSffl^K*? 
Ci-C2 0 0-3 50m J/cm 1 7 -^Sra^ 3 
UB»U S*K3 0 3 l©«£itt*ttftS-e*. C© 

u-ir-*©JH*netc*jt»rtt. g«£4 o o*cfi£ 
L/"ci^eaK*«tbTfta*^ff«cbtis. c© 

(B) ) . 

[0033]^ eflrttfc.a*B«r^f-->^L 
"C. »ttO»83 0 3 2*MtS. C©»R©««3 
0 3 2WTFT©r§liI^Mti. -eur, M2 2 0 
-150nm, Ctrttl 0Onm©BMt3*JB3 0 5 

•firs (si (O .) . 

[0 034 ] " J:IEttftei3RJB3 0 5©fHH«ct«tS*^ 
S"C**. ccttt. TEOSWUl. K^ii*> 
Kg&?&&l 5 0-6 0 0'C. *t£0< 1*3 0 0-4 5 
0*CT\ RF77X-7CVD^D?'lfil/c 0 TE 
OS£K*©E;»tttl : 1 ~ 1 : 3. */c. E*tt 
0. 05-0. 5torr, RF^7-ttl 00^25 

iit«c*ECVDtt4)b<tt*ECVDa«cj:or. 
*KiSS*3 5 0-6 0 0'C. «*U<tt400-*55 
0*CiLr»JSSL/fc. 

[0 03 5 ] C©ttfi&-CKr Fx*^-7-u — £T- (jfc 
1248 nm. '^^S2 0 n s e c ) $>&l>l*-€i-i<!: 
ITO&a*£JHMrSC±r. i/'j3>H«|3 0 3 2© 

A (7 ft? K^-^VT--^)'!^ #7*»«*lJn«! 

[003 6 ] *©». i¥£2 0 0nm-l /im©7;US 
~V*i:£ftt±t&»&n*v~&%M&tcj:^x& 

A (Sc) £0. 15-0. 2il%h'*~t*>^iriJ 
t»T6«fc<,>. *«C»fi€rpH*?7. l-3%©ig;5®© 
x*l/>^'j3i-JUSiK«ciSU B£4fttt.C©TJU 

Si*)A©y-h«KiiKi/t:. HWfflKfctiM. 

HSBftl*. ««]H-SWKr2 2 0 V*T*E*±lf , 

tS«tt«rtt, «EO±J?flKtt2-5V/»ASjHS-C 
£>3. COJ^KLT. Jf3 150-350nnu Mil 
W. "2 0 0nmC«fiM<fc«!3 0 7«:»flt-r4 (HI 
(D) ) . llftMftftttiillittOftC^T^S^OA*^ 
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££t&. %mmwx\z?~-hnmtLxmmmmx 

[0 0 3.7]^ -ft>K-e>yS(^7XvK 

^^(PH, > tflHvfc. K-XStt. 1-4x10 
10 "cm^iTi. 

[0 03 8 ] 3 K r Fx*s>v-U-1f- (jgg 

2 4 8nm, ^Jt/*flI2 Onsec) %M&tlsX. ±gfl 
:■ TMttojf <t o x *&Rtt©sJWfc L fc»#©|&fltt * 

U-lf-Ox^Jl/^-SSUl 5 0-4 0 
OmJ/cm' . l/<fi200-250roJ/cm 
' V&Z>* C5LX. NSPRWfo («) ««3 13 2. 

3 2 3 2 C*l6©««W>^- HBIStt2 0 

0-80 0Q/uxh^tc. c©ra«::tei»T. u— 

20 £ I39©**€:fflc * X b <fc t ». 

[0 03 9 ] *©». £MKl&Tt&3^53 0 8iU. 

Dft(cj:-3r»fta3RIJ[«r/iS3 00nmje/S-rS. * 
«fifftt2 5 0-4 5 0'C. Wxtf. 3 5 O'Cif-5,, 
[004O]^Ot. »BWi«93 0 8*i^^>^0 
r. Bi ( E ) (c^TJ:5tcTFT©y-x/KiW> 

30 « -82*13 09 1. 3 0 9 2^JBJSrr6. 

[004 1 ] «8«C. *^*-C3 00-40 0'CTO. 

i^2b«B7~-a>lt, ^y3>©#*ft*3S7-r 

& 0 C©«fc9(Cl/C. TFTtfSEfiWS. ^OT, P10# 

C©TF Tti. V-VHU^>««3 1 3 2/32 3 
2i^**^JB«»«3 3'3 2*Wbn>5. 4/c3 1 

0 0. 3101 #N I ©*mfl9«#a»i&*, 
[0042] #3HS«rff«3iifcTFTW. 1 4&© 

«iI$**N^**JUr 1 5 0 cm 1 /VsfcU:©fc©#» 
6titl>5. *fcV tll t>/hS<.a»«c«Ftt*WLri*S 

1 0MJartr**C<!:*«s2S*iri»S. C©y<7'>^ 
*©»Ji tc J: -2>*S B B a ti©9)g <h «: J: S Ifltc i: S 4>© t 
t^J^tl 5 0 cm* /Vsi^±©^©€rg^Ccf#^ 

ci^r^^ t ^T+W<. *SlttW©J:^& 

50 ^h-tt^tf^CiAi-C^ttO. 
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[0 04 3] #a»««c*rf,»r tt. #AR%W±£M 

tfJ:l>. t «*«7C«©»ASttLPCVDffirft< 

[0044] CH»«2 ) #jSSWC«. eAffc«Hlfi 
■f* 1 4^cDft$5«7U^^?K^a^ffit^r^ B B B Mfi^ 

K. U -If -*©JHWK: J: 0 £Stt*K«>TfE« L fees 
14Ii5B««:»t»r, TFT«££WT*£. *3HfcW© 
TFTI*. r ^ r h 'j 7 ^S!©ffi D a B^SI© 
F7-//<-aiB-^i5*S|J»tCffll»5C4:* J, C#-5. 

[004 5112 «c#HMs«©ffi«Ig©«B*^r . 
$f*7^S!4 0 1 (a-i>^7 0 5 9) ±KTtfc 
©BMt33RR4 0 2 42 0 0nm<OHES«cjSBTS. C 20 

fca&ecRtfens. ?6tc, #ssn*K«4 0 3'o*7 r 

7XvCVDSicJ:^t20-l 50nm. CCt«5 
ar©UV*©BSji(Cj;-?-CJi!ElB-rS,. C.©WC»B!ftJBI 

[00471-e uioppui (ss&&) ©yji^~ 

^ A£S#Ofc»»tti8«4 0 4 (132 30 

(A)), 5#HJ«»U ^fc*^-*fflt»T^tr>F^ 
-f&ffS. -e-<Df^5 5 0S. 4B*IB©ft8ftKJ:or. 15 

[004 8 ] ±IBflHBW5ffi«f 3 C <t «C<£ o r . IMS 

j5S#iisaa#i* s «at'^s*««:»6tis. c©te 

;U-?~^aM£B££U £6tCK r Fi+^U- !f- 
7t^20 0-3 OOmJ/cm' TftPJiT^C^cJ: 
*). Ii*W0fSB%tt*ttfi*1*3. C<DU-tf-*©JH 
«XISK*Jt>ttt. Stg^4 0 0 , C!iatcftD^LrtJ; 40 

COXflJ^T. tS*tt^«:??acri.^»Sfi«* 
«£UT»S«KS#fT&*>*iS (H2 (B) ) . 

[0 04 9] **C. S B WtUcg|*«4 0 3 1*^*- 
~>y0T. a«<O««4 03 2*3e«W*. C©«« 
<Z>««4 0 3 2»TFT<Or£tt«*tl»fl£'r5. -tUT, 
US 1 0 0 nm<DBMtIt*B4 0 5 5. CO® 

ffcfJHRBtty- h«»l8<fcl/Cfc«SM-S (H2 

(C))„ 

f?30 0^8 00nm. 0f£fX6 0 0 n mOT^S - 50 
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^A«:ifiR»i-r.-5K (0. 1-0. 3M%©7*> 

^^^atc^^t, y-h1I&4 0 6£ffMT£. 
*tC»««:3%iS5M©x?-U>^y=J-^ilSR (T> 
*-7T*tt«CpH3«bfc*>0) U 
CtlK*««r«Cr. l-5V/#* «iltf4V/»r 
lE^l 0 0V£T*±#^tf-C 4 »«BKt*!T*5. C 
©RKIJJ. y- F««±BB©#*€>-*\ y-hWHBiB 

tiiffiwtsnr. ««&jk?L«nflimk«4 0 7 9&sii[ 

?100n m»iS3fiS. C©B«K^t»©HE«5 0 

vHiT*s. hmmt uxmweatit 

[oosi]*tc. ^x^F-evyaccj^-c. ^ 

4 0 3 2*cy- h««4 0 6^7Xi? 

r. 7^7^>(PH J ) Jfflil*E*5-3 
OkV. M&tfi OkVi-r*. F-XitJixio 14 
-8X1 (T'cnr*. WAtf. 2X1 O^cm-'itS 
(B2 (D) ) . 

[005 2 ] *<Z>». ±ffi3ft>6 U~1f-**J!iM*Lt, 
«SttfW*. *fcC>r. JM6 0 0nm<DMfl2i*«4 

o 8 ^erdweattibr^xvcv Dace 

fit, ig£Mis£$& i Toea^jBia-r*. 

Mft^^vir^^-^Ao^ilJJiiCct-prTFT 

©V-XMML FU-r>«IWDSfiS-E«4 09 1. 4 
0 9 2e»5. ftftCC. 1^E©**«H«"C3 5 

or*JRh^>5/Xjr3&sSfiS-ri (8 2 (E) ) . 
[0 0 5 3] *jBfe«rffi«3*l/cTFTtt. 14^© 

tmftM * « i * s c t tc <t g y ? * y > y xe & i/c # 

BB^Nf + ^riSOcni 1 /V sfeLfc<Dfc<03WI| 
CiA«S3*i-CC»5. 5 etc. #ttK<&/<5?*i>± 

jftOJiS* «c J: SUSSttOftfi i CC ct 5 XfI«C J: 4 4> O «!: 
U-tf-*©*t«fflUfcifi^tt:tt t 

[0054] *HftW{'c*5i»r«. . *SMfI IRIS±k:« 
«5c***A-r **ffi*^l/fc3W, Jh%Rli*iaT«:Jtt 

tfcfcC*. ftM^*©WAffi*WS«S6*ffi'Cft<i 
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[0 05 5 ] ) *3lifeWtc*jt»rtt. ¥)W 

[ 0 0 5 6 ] ^ 3 «C3RtttW©ff«Xg*^r. ST, 
iS20r(3-->y705 9 t 10crafc)£&# 
U TEOS (7 b 5 •x^«/-S/^) 
I4^i Lt^^X^C VDttK .fcotlf 3 2 0 0 n m 

vCVDffifcJ:-pT. i!550-1 50nDi 4 WU*1 
0 0 n m<D*MM!iXlg2 0 3 -SrJ&JH&T*. %Cc3tAN 
KJf £5 0-2 OOnm, jftUX 1 0 0 n mOBMt&X 
K2 05*^XvCVDffi«CJ:ori5Wr*. *L 

ttffcfi*J92 o 5 «HRttcc-x ^>^tr, #A 

If J§^<D35HJ L Mm 2 0 6 ^MT £ c 
(005 7] ^OTJSCfitCGeH. ^tLPCVD 
OOnmtfSKttl 0-5 0nmW;P7 

^•)M»n. coa. ^^smrrsoo- 

t\ ®RJB2 0 3<0ttfift*ff^. tSAftfi. 

*«ii?f-r H«c*5i»rtt8B«2 0 4 tJy;i/v-^A*s 
i[££A 2 *r ««<t Ufc«#. «[« 2 0 3 ««l*|fij«c 

<D*Sfitt. 25-lOOa mfllK-C* S. */c*<D*SS 
fiSfi^lSl»«W (111) tt»ftra£C£#«igS*i 
■CHS (B3 (A) ) . 

[00 5 8 ] ±ISft)Jft*ail«: J: SftSffcxg©atc$ 
«c*»*OR«l*tCJ:03!i«B2 0 3 0*£ B ^tt£J»g<*i* 
So COIfftt, ifc^O. 6-4 Mm, WAtf. 0. 8 

[005 9 ] ftftm®ltM£LXlZ^ayy^i,y-%m 
^-±©fiB&&*9 0 0-1 200 °C®RB{C&&cJ: 

r5 0-2O0*c/# 4 F2ms$ft£pr2 0- 1 o o 

[0 06 0] :X«C. MftS*lll2 0 5«rtt*-rS. CtD 
Rg. W»S2 0 6 ©SSBfcJ&KS nsiWfcBt feHBSKilft* 
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x^>^r, »tt<offittii««2 0 8t^fli-r-5. 

C<DBL H3-(A).<02 0 6-C^*tifc««ltt % »7 

. «>, o -$01^-9 A**»»a*c#SE-r * c i 

ot»*l<fti*. O/caW-o-C, *J|t6Wic*jH-Ctt. 
io ?££Jf 2 o 8Ccfcnry^v-^At^o^L^lw^ 

[006 1 ] 1 0 0»«96©*».»*dt* 1 0 

500-600'C<D. tt^fltCtiS 5 OW^ffi 

(Ji*«) 2 0 8©Sifi*BMb3-e\ R{kSXlS2 0 9 
**i«"rs. «Mtfil*K<0» 3t£ i 0 0 nmi-TS. ft 
H«*cj:orKffcli*B2 0 9*»fi6L/c©^. 

T>*^Tl£Kfi ( 1«E. 10 0%K 4 00'C 

20 0. 6-4junK Will 0. 8-1. 4iimtCk'-& 
**>o*»** 3 0-1 8 0#J!B*U Sf{tfi^2 0 
9«l*JLr»kftUi«:*r. &*5t©fit. MfflgUCO. 
1-1 0%OHC 1 «:»ALr4>J:H (H3 (B) ) • 
[006 2 ] 5l*ttH-C ^u>ys^Ccfcor, 
ia30 0-8 O0nm. M^»6 0 0 n mOT Jl/ ^ — 
$A.<0. 0 1-0. 2%<DX27>v^A£^tf ) *tS 

y-h«ffi2 1 OWti (S3 (C) 
[ 0 0 6 3 ] $ COT^ 5 AOSfiCOSffi* 

30 FiffiM^bor. aroci§ft«5®2 i l^fisrs. ccd 

^fi5ffi{b«. ?@SIS^l-5%^Sft/cx^u>y'Jn 
-iUSaE^-Cif^- »6ft-5M<fc«IB2 1 lCDm$ti2 
OOnram, <tfc\ CCD6Sft^2 1 ltt, '&Q>4* 

(D) ). y- hMiLt7Jl'5-^AJ:»).B«atK 

40 tcmsk* . y- h mfetcv f * — ^^sa^/cfatc y 

[0064]«, ^t>F-f>^(77XvF- 

tr>^aifcS5) tcior, m&mw& (y--x/K 

■^y^hmffi2 i ot4<oHH<oBftii2 i l^^? 
tLx. &E&<£mcummmzmtz>*&® (cc 

-/> (PH, ) ^rfflH, UDlIE^6 0-9 0kV, tfij 
50 ittf80kVi-TS. K-X*tt 1 x 1 0^-8 x 1 0 
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"cm' 1 . Wit«. 4 x 1 0" cm-'in. CCt>*§ 

m. N^co^mmmmz 1 2 ±2 i 3«isis-r*ci# 
5&*?-fe* h«»tt, «ccy- i-MBcaME <n* 

Wt * T F T icte <■ » Tttfttf tti9fe&W a fca^wiiffii^ 

[0 06 5 ] !f-*OJHI*«c J: orr^- 

JHMt5. !f-*£LTtt % K r Fx^i>-7U^1f 
- (ite2 4 8nm. ^(S2 0n sec) 4fflC»5 

X^l^-fflt*^ 0 0-4 0 OmJ/cm 1 . 
WAtf2 5 Om J/cm 1 il t — *>W«co*2- 1 0 

©jhwb* cca«* 2 0 0-4 50 x&OLicmm? h C t 

*cj:^r, Sliai^t^OabTfeJrii (S3 (E) ) . 
[006 6 ] ifcivc. Jl$600n m<E«Mfcii*BI2 1 
4 £ Jfffltttttt i 0 1 7*7 X7C V D i^tC J: -> TJ&mt 

A S FR2 1 5*$fiRU SMfc^ffiffcTS. 

CO 0 6 7 ] €OT, «Mtt**ft2 14,21 5Krj> 
»^F^-WMLt. ^Wttf*. ^ft^^ 
>ir^ 9A©£JfWcJ:^TTFT©«S * 
2 17, 2 1 8*3BlS-ri. ««C. 1»E©tK*&H 
fTC3 5 0°C, 3 0#<D7^-;l'£?Tl\ TFT£W? 
er^f-^^hy^^©iiii*lEli»*!«ift-ra (H3 

(F>>. 

[006 8 ] #*«Wrffi»lyfcTF T©ffittM«©*S 
JM4#fiWrfcS©t\ TFTttW*I*S*»5C<!:# 

[0 06 9] ^Hife^ti««7c^ccy;bv^^A^t* 
fc**. ffecDl 4!*7C**flH»ac±4T**.- i/c^H 
ttW-Ctt. yii/^«?A0)3iAtttCLPCVDffi«:ffll» 

[0 07 0] C3BBW4) *H*Mtt«^»//-SS©T 
FT«c*#fe«B«r3Bffll/fcfc©r*-5. S4 Cc2(c||Jg^cD 

rtWiaoiKffiigi^^-r. as-r. aeo-^vyro 

59) I 0 1±«C*>< yttfCJzoTJSS 20.0 

nm<o«<t^<oT»i*.<ia^'&-r)-t»BE-r*. *u 

[0 07 1 ] *tc. LPCVDtttCj:r>"C. J¥<*5 0- 
1 5 0 n m, «jt"tt 1 0 0 n m©*tt ( I ffl) ©IMiR 



(8) 1 1 -204434 
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^l/rii»4«CGeHr*«t»rLP 
CVD&-C5- 1 0 0 nmfcF£L>< t;U 0-5 0 nm© 

E) , 5 sou 4B*rar--ji/L/riss{ts-a-5. y 

»«©I1*H (TFTOiSttIB) 1 

0 5«gtfT* (04 (B) > • 

[0 07 2 ] 3C«C-*X* 1 0 6£Htf. -f*>F-t^ 
io yffi (^XvK-f>^ttitS0) Kiot. ffitt 

SDii«E*6 0-9 0kV. WiH*8-0kV4-r5. K 
-XStil xi o u -8x l 0 ls cnr\ 5x 
lO^cm-^n, C©*S*. NSg©^«*fR«l0 
It 1 0 8 3&i»fiSStiS. 

[oo73]f©fi is-ir-ytoMntic&iXT-- 

20 («ft2 48nm, ^*;lx^ifl2 0 n s e c ) £#K>/c 

fttt. 0 0 - 4 0 0 m J / c m l , 

«x.tf2 5 0mJ/cm a <fcU -«(£^2-10 

©HB»B*tcffl8£ 2 0 0-450 XSKtCjfflJftr S C £ 
(04 (C) ) . 

C 0 o 7 4 ] *tc fc SffltftttR^ brfflta*R i l 
30 2. 5 F«l 1 3^r^liT^ 0 EK, a>^i7 h 

)iz-^i*<D&mmc±^xTFTv>&m®im\ 10, 

1 1 l«:»tt-r-S. «««:. l S£EO*3R^ffl»'C3 5 
O'C, 3 0»O7^-^«tC>, i£****-SE©TFT 
Z%bX$*> (04 (D) ) „ 

C 0 0 7 5 ] h&tCffiTUmvm^tltcT F TflD^MK 
til 1 0-1 50cm 1 /Vs. SfifctO. 2-0. 5 

U -f 1*> y b/c P ^ * JUfflT F T 4> 

40 f^«LteiC5, »ttlttt9 0-1 2 0 cm 2 XV s, 
S«B0. 4-0. 6V/«fC*9V-fitt©PVDtt^> 

r, »««stt2«ia±is< k s«a»2o?«ia±fe**L 

FTBI 0 0 0*COWia<fttt<tiCj;^rff«3tlfcTF 

[0 07 6] 2j^Wtt«^jR«cy^^^ 

fiCO-1 4«OT**fflt»*C"i*>'C**. &tc*M 
1foWV&. yiW-^ACDa»AffitCLPCVDffi*ffll» 

so /c3&i ft©#a«Bc»fcB*Bii*\ ataa. 
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mw?&&mm<D±mt a a wsaftn 
/c*j. a*ja©-s«c is«?w«cy^ ^ a * 

[00 7 7 ] (I8S6W5J SaSWl-4K^bteflte6* 

[007 8 ] H5«:*jc»r. so (536. 
r^-^v ttflft^^^<oc»-r*irt>mo ,50 2 

f^iltc^o Tft«s*ifc¥is »bt«»©t ft** 

[0 07 9] Cft6©TFTttSl^tCiSj*vHJ2* 
[njB50 3. y-/ KBIBttBfgS 0 4. v-*WIB«iH 
B5 0 5. U5^*@K5 0 6*«/3W-S. -e©*£ftr 

[0 0 8 1 ] £/c t -e<D-fflr«, »(6J*«<0-S1S«:» 
CtCFPC (7 ■ ?*)>b ■ V-*? b) 5 

(#teSS/y=i>±«c»jS3n/c«)SFErcfllS;StiS* 

[0 08 2 ] 4^Wr»ffl^5*«tl«JB*«tt]Bi 

UfcTFTttfi**CilEC*ttffiitt4fl0r^Syt«>, ft 

sm h z h z onmm&xtwfrrzm^wma 

[0 08 3 ] ftfc, *Sttt«rtt*K*IB*«Bl«^K 

( o o 8 4 ] ft fc. tmom&wkimm. e L3bF«B 

>*©««C^e^*^fi*cSST 

ggft 6 £r 5Cim^ 

[008 5] (jgttttG ) 5 tCSbfc 
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£#©XJgjft£IB (MM I C : v-f *n->* -f 7 • 

I C) ft££tMT*t<!: 
[0 08 6]. S6(C«. !Wteffil>£>FT©M<S££ 

S{ti**ifcVL S I ®ffi*Wf$.?6C 1 6 liJtfrCA*. 

t©«K. *m«w©TFT«rfllc>t:**«:«g6i4tt:» 

^c^*@B**J«-r-5C<!:3W?IIBr**. ft*, * 

[0087] CIB»«7 ) *MSWCtt. 3BfcW5-MS 
; *«6«C^Sn3rc*«*^KIt^*««:|gB«r««U/c 

s*«b'(i»br&) ©-w*aefcswv ft*?. 

"[0 08 8 ] WI^^E L 5 Z>m+m%t Ltlif 

«»*SS. PHS9) ft£#*lf6*i*.- 
[008 9] ^6 (A) «SW«S-C*i3., *f*2 0 0 
1. #JSfH»»2 0 0 2. S^A*»2 0 0 3\ 
B2 0 0 4, »(tX^7^200 5. T>7 L ^2 00 6 
-CMfiSSti*. *IWfeWtt«?&tti*SB2 0 0 2, SJSflJ 
£/§|i2 0 0 3, ^»B2 0 0 4*tCjilffl-r5CiAi-C- 

[0 09 0] m 6 (B) »trf=**y^r*9: *tt'2' 
10 1, «*»B2 10 2, ^A*«2 103, ftff 
30 ^^^2 104. ^yf 10 5, £«SB2 1 0 

6rt»^^ti^ e *m§mim*k&&2 1 0 2, ^a 
^su2 10 3, &mm2 1 o6««cafla-rsct*s-c# 

[0 0 9 \]me (C) Wt*'<-f Jbnve*-* 
tfjm>tr;*-50 W220 1. ^>^SiS2 

2 0 2. *»»2 2 0 3. tftf^X^^^2 2 0 4. Il* 
^S2 2 0 5r*«^t3tl^ o *R*Wtt*.-rf7gB2 2 0' 
2 t S»ai2 2 0 3. S^»S2 2 0 5**C»^-C& 

So 

40 [0 09 2] (D) It^v b'-JVlsbfj *yi>J 
rAO, ^f*2 3 0 1. ««S6B2-3 0 2 . KS2 

3 0 3 "Cf*f&£ ^««^7rttS2 3 0 2 IC&m 

[0093] H6 (E) tt»JTS^oyx4rd'--CA 
0 . *f*2 4 0 1 , *jE2 4 0 2 V ..«^*SB2 4 0 3, 
(B*t-AZ^y ^ 3?2 4 0 4, -V7 \st $-2 40 
5, 2406, X^'J">2407tM?n^ o " 
WU^8B2 4 0 3 <cjgffl-r S C 4 **r t 
[0 09 4] 06 (F) ti7n>hgB^Oi/*^*--C 
50 A 0 . *#2 5 0 1 . *iB2 5 0 2 . «^n«B2 5 0 



(10) 
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3. *^*2 5 04. *^»;->2 5 OSTtt/SSft 

[0 09 5 ] £U:<Dllfc. *fl8?W0aJ8fiffiiiffi£>t 
|£ < . * 6 *9> £ JOS-^SKlKilMT 6 C t # bNB-c 

[0096] 
**. 

[ 0 0 9 7 ] -e Or . CO«CCT F T©S»«Ftt<C»» 

««FtttWr5TFT4j|3S3ti-, -t<0TFTr*ttS6 

[HffiOSWfcKW] 

[HI] IBfcMOfMtEH*^* 

[H2] 36»«©ff«XII*^r- 20 

[ H 3 ] S6* WOfMUlg****-. * 
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[@5] m*^-;ud»se**t. 
[H6] s^asowa***. 
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